Abstract ADHD, sleep, and ADHD treatments are highly interrelated. In this review, we describe the effects of stimulants and non stimulant medications on sleep in children, adolescents, and adults with ADHD. Clinical predictors of sleep problems during pharmacotherapy include age, sleep problems prior to initiating treatment, and dose and dosing schedule. As yet, we have little understanding of the biological or genetic factors related to individual variation in drug response and sleep.
Pharmacological treatment for attention-deficit/hyperactivity disorder (ADHD) includes both stimulant medications (methylphenidate [MPH] and amphetamine formulations) and nonstimulants, such as atomoxetine [1] [2] [3] and alpha-2 agonists [4, 5] . The efficacy of these medications has been well-established through numerous randomized, controlled trials and described in meta-analyses [6] . During the last decade, extended release medications have been developed to provide longer duration of ADHD symptom control [6, 7] . However, ADHD medications and their different formulations (e.g., stimulant and nonstimulant, short-acting and long acting) can have important and differential impacts on sleep in individuals with ADHD.
Evidence-based psychosocial treatments for ADHD include behavioral parent training, behavioral classroom management, and peer-based interventions, such as summer treatment programs, which can be combined with medication [8] . Relative to pharmacological treatment for ADHD, there has been little systematic study of the effects of psychosocial treatments on sleep. Sleep problems are also common in children treated with psychosocial treatments. A recent study of children attending a summer treatment program and receiving comprehensive behavioral therapy, parent training, and medication management demonstrated 61 % reported sleep onset difficulties, short duration of sleep was evident (i.e., mean sleep time of 6 hours, 58 minutes), and considerable night-to-night variability was displayed [9] . Thus, sleep problems are common in both untreated and pharmacologically and behaviorally treated children with ADHD. According to the National Sleep Foundation, improving sleep can lead to improved daytime behavior in children.
There are several noteworthy examples of children with sleep disorders and ADHD symptoms who displayed improvement in attention and overactivity with treatment of the sleep disorder. For example, studies of children with sleep-disordered breathing indicate that removing tonsils and adenoids often results in improved ADHD symptoms, possibly because of improvements in sleep quality after surgery [10] . Moreover, lack of sleep or sleep restriction can cause or exacerbate inattention and other cognitive symptoms in children with ADHD and non-ADHD controls [11] .
In a study of children with ADHD and chronic sleep onset insomnia, 3-6 mg of melatonin reduced sleep onset latency and improved total sleep time. However,despite improvements in these sleep parameters there was no M. A. Stein (*) : L. Hlavaty effect on ADHD symptoms, cognitive performance, or quality of life [12] . Thus, treating primary insomnia (not related to stimulant medication) may improve sleep onset latency, but it will not necessarily result in the remission of ADHD. It should be noted, however, that children with insomnia who are treated with stimulants, sleep hygiene and melatonin maintain the beneficial effects of the stimulants on ADHD symptoms, as well as improved sleep [13] .
Although further investigation is warranted on the relationship of psychosocial treatment to sleep, in this review we will focus primarily on the impact of ADHD medications on sleep and sleep problems.
Prevalence and Types of Sleep Problems Associated with ADHD
ADHD and sleep problems are common, highly interrelated, heterogeneous, and both are impacted by stimulant and nonstimulant medications in different ways [14] [15] [16] . Previously, we reported that moderate-to-severe sleep problems occurred at least once a week in 19.3 % of children with ADHD, 13.3 % of the psychiatric controls, and 6.2 % of the pediatric controls, according to parents [17] . In addition, nearly one third (29 %) of stimulant-treated ADHD children displayed nightly insomnia (i.e., taking >30 minutes to fall asleep) compared to 10 % of untreated children.
To understand the effects of pharmacotherapy on sleep, it is first necessary to determine the base rate of sleep problems in untreated children. Insomnia is usually evaluated with sleep logs, with parent ratings of side effects on questionnaires, and with actigraphy monitoring. Actigraphy provides an objective assessment of several relevant sleep parameters, such as sleep onset latency (SOL), awakenings, and sleep duration.
Insomnia is the most studied sleep problem, although it is typical for a child with ADHD who has problems with sleep to have characteristics of several sleep disorders. A recent meta-analysis by Cortese et al. [18] addressed this question by examining 16 studies of children and adolescents with ADHD who were not medicated. Children with ADHD displayed higher rates of bedtime resistance, sleep onset difficulties, night awakenings, difficulties with morning awakenings, sleep disordered breathing, and daytime sleepiness than non-ADHD controls according to parent reports.
On objective sleep measures, children with ADHD displayed increased sleep onset latency, lower sleep efficiency on polysomnography, less true sleep time on actigraphy monitoring, and excessive daytime sleepiness as measured by a standard test (i.e., the Multiple Sleep Latency Test) in comparison to non-ADHD controls [18] . The most consistent findings using both subjective and objective measures are that ADHD is strongly associated with difficulty falling asleep, with achieving adequate sleep duration, and with tiredness during the day [19, 20] . The difference between subjective and objective measures of sleep in ADHD children may be explained, at least in part, by a high rate of night-to-night variability, which would be captured subjectively, but would not be evident on polysomnogram testing in a sleep laboratory.
Additional methodological issues, such as small sample size and how sleep problems and ADHD are measured, can have a significant impact on the results and may partially explain inconsistent findings between studies. For example, Choi et al. [21] used both polysomnographic (PSG) recordings and questionnaires to assess sleep habits in children with ADHD. Children with ADHD compared to controls displayed more sleep disturbances, such as sleep onset latency, night awakenings, and daytime sleepiness; however, the objective PSG recordings showed no difference in sleep quality and quantity between the 2 groups of children. Another study [22] examining PSG recordings showed that only increased periodic leg movements were more common in children with ADHD compared to controls. In contrast, Gruber et al. [20] reported a significant difference in sleep architecture, including shorted rapid eye movement and sleep duration, using PSG recordings.
Sample characteristics, including ADHD subtype, psychiatric comorbidity, age, gender, and medication status may all impact sleep findings. As reported by Mayes et al. [23] , children with the inattentive subtype displayed fewer nighttime sleep problems than those with the combined subtype of ADHD. However, children with the inattentive subtype were reported to display more daytime sleepiness and increased duration of sleep. Recently, Accardo et al. [24] demonstrated that children with ADHD and anxiety displayed higher total sleep disturbance scores on the Children's Sleep Habits Questionnaire, and increased bedtime resistance, sleep onset delay, and nighttime awakenings compared with children with ADHD alone [23, 24] . Children with ADHD and depression also displayed increased sleep onset latency and increased sleep duration. Furthermore, it should be noted that parent reports of sleep problems are highly correlated with both internalizing and externalizing psychopathology [25] [26] [27] , and these occur with increased rates in other psychiatric and developmental disorders [28] . These studies show that objective measures, such as actigraphy or PSG recordings, and subjective assessment, such as parent and child questionnaires and sleep diaries, do not always concur. In combination, they provide a comprehensive picture of both the objective sleep problem and the subjective or perceived impairment.
In contrast to many studies in ADHD youth, there are only a handful of studies examining sleep disturbances in adults with ADHD [29] . Kooij et al. [30] reported that adults with ADHD experienced considerable subjective and objective impairment in sleep, including increased nocturnal motor activity in a small sample. Sobanski et al. [31] surveyed sleep problems in a larger sample of 182 adults with ADHD compared to 117 non-ADHD controls, and reported that adults with ADHD went to bed later, were more likely to take more than 1 hour to fall asleep, and reported daytime sleepiness. Similar findings were reported by Surman et al. [32] .
Sleep Problems Associated with Stimulant Medications and Their Measurement
The most common and well-studied treatments for ADHD are immediate and extended-release formulations of methylphenidate and amphetamine-based stimulants. Among the many stimulant formulations, lisdexamphetamine and the methylphenidate patch stand out as the longest-acting amphetamine and methylphenidate formulations, respectively, with effects on ADHD symptoms that can exceed 12 h [33] [34] [35] .
Insomnia or delayed SOL greater than 30 minutes is one of the most common adverse events associated with stimulant medications [12, 17, 35] . This should be distinguished from bedtime resistance, which is when the child refuses to go to bed.
A second common sleep problem, especially in adolescents, is the delayed sleep phase syndrome. This is a disturbance in circadian rhythm that involves a phase shift in the sleep-wake cycle such that the adolescent goes to bed late and sleeps late, sometimes to the point of day/night reversal. This can have a devastating effect on school performance. Delayed sleep phase syndrome is of particular importance in that it has become a cultural norm to stay out late on the weekends, sleep late into the afternoon on Saturday and Sunday, and then try to shift back to a normal school schedule by Monday. One can consider that delayed sleep phase syndrome is not only a physiological insult to the entrainment of circadian rhythm, but it has the effect of leaving these teens in a state of chronic jet lag.
Methylphenidate
Studies of the effects of stimulant medication on sleep have largely been focused on methylphenidate (MPH) [36] . Insomnia is a frequent side effect of all stimulant medications, based on parent report or side effects scales completed side effects scales by parents [37, 38] . Research on the impact of MPH on sleep will show different findings depending on the length of the trial, when MPH is administered, and when sleep is measured in the trial and dose, and whether a fixed or flexible dosing methodology is used [38, 39] . Studies of flexible dosing (in which the dose is individually titrated as in clinical practice) are less likely to detect a dose effect or acute disruptions in sleep, as the dose is not increased once a response is obtained or if tolerability is a problem [40] . In addition, the impact of MPH on sleep will vary depending on whether the child has just started medication, or whether they have been on medication for an extended period of time [41] . There are reports of greater difficulty falling asleep during rebound when medication is wearing off, as well as anecdotal reports of children who fall asleep more easily on a low dose of medication [42] . Therefore, the relationship between sleep and medication is complex. With this being said, it has been well-demonstrated that the more prominent initial side effects of stimulant medication is initial insomnia.
Stein et al. [43] utilized actigraphy to measure sleep onset latency (SOL) and duration of sleep in children treated with low to moderate doses of MPH administered twice or three times daily. SOL increased for both dosing conditions compared to placebo, however, there was not much difference in SOL between taking the last dose of MPH at noon or at 4 PM. Children took approximately 40 minutes to fall asleep when given a placebo, as compared to 60 to 70 minutes for those children who were given an MPH. Severe insomnia was reported for 4 % of those given the placebo with 3 times per day conditions and 0 % with 2 times per day conditions, respectively. It should be noted that the sample size for this study was quite small (n025). However, similar findings were reported by Kent et al. [44] in a study of psychiatric inpatients for which a 4 PM dose resulted in improved behavior with no significant difference in SOL, as determined by nursing logs. In this study, the average sleep latency was 50 to 51 minutes during MPH treatment, and the higher dose was associated with a markedly higher standard deviation. Thus, although group effects were minimal, individual variation appears to be quite high. Similar findings for 3 times of daily dosing of MPH and significantly increased SOL were reported by Sangal et al. [45] in a study comparing the sleep effects of MPH to atomoxetine.
There have also been several PSG studies of sleep in children with ADHD who were receiving MPH. In general, few consistent findings are reported [22, 46] . O'Brien et al. [29] compared 53 children taking stimulants, 34 children with ADHD who were not taking stimulants, and 53 controls, and found no differences in sleep architecture. The rates of insomnia were not reported. The methodology of this study is flawed in that the children were not randomized to treatment. Thus, any child who discontinued stimulant medication because of a sleep problem would not necessarily have been identified.
During the last decade, numerous stimulant formulations have been developed, including sustained release, biphasic, triphasic, and ascending delivery profiles. One study compared the efficacy and safety of 2 second-generation, longacting MPH formulations with ascending delivery profiles [7] . In this study, there were no significant difference in adverse advents, including rates of insomnia, between the osmotic controlled-release oral stimulant OROS Methylphenidate, Concerta, McNeil Pharmaceuticals, USA and the extended-release Methylphenidate HCL, Metadate CD, UCB, USA.
Stein et al. [39] examined the effects of 3 doses of OROS MPH and a placebo in 47 ADHD youth in a double-blind, crossover dose-response study. As seen in Fig. 1 , parent ratings of severe insomnia were increased at the higher dose level, and were more likely to occur in younger and smaller patients at the 54 mg dose level [39] .
Recently, Kim et al. [47] examined the effects of open-label OROS MPH treatment on sleep use in 24 children with ADHD. Polysomnographic data indicated that the percentage of stage 2 sleep was increased, and the number of awakenings was decreased. Sleep onset latency was increased only for those (n06) who had sleep difficulties prior to beginning the trial, but not for the sample as a whole. In this study, the small sample size and flexible dosing may have contributed to the lack of effect on SOL for the overall sample.
In addition to oral MPH preparations, there is also a methylphenidate transdermal system (MTS) or skin patch, which results in approximately 12 hours of coverage if applied to the skin for 9 hours. Although there is additional MPH contained in the patch, the effects of longer wearing times have not been reported [48] . In a 5-week study, treatment emergent side effects and sleep questionnaires were obtained for 262 of the 6-to 12-year-old children with ADHD who were treated with MTS or OROS MPH [49] . There were no statistically significant dose-response effects on subjective sleep measures in this study. Sleep problems at baseline predicted sleep problems during treatment. Although total scores on the Children's Sleep Questionnaire were similar for children taking placebo, OROS MPH, or the MTS system, 13 % of those wearing the MTS patch were reported to display insomnia, as compared to 7 % taking OROS MPH and 5 % taking a placebo [49] .
Amphetamine Stimulants
Efron et al. [50] compared twice-daily, immediate-release MPH and dextroamphetamine in 125 ADHD youth in a crossover study. Using the parent-completed, Barkley Side Effect Scale, dextroamphetamine, but not MPH, was associated with higher ratings of severe insomnia relative to baseline.
McCracken et al. [51] conducted a double-blind, crossover analog classroom study of Extended Release Dexmethylphenidate Hydrochloride, Focalin XR, Novartis Pharmaceuticals, USA, Extended Release Mixed Amphetamine Salts, Adderal XR, Shire Pharmaceuticals, USA. In this parallel group study, 3 doses of ER-MAS were compared to 10 mg MAS and a placebo. Parent-rated adverse effects for insomnia did not show a clear dose response (i.e., placebo, 20 %; 10 mg MAS, 35 %; 10 mg ER-MAS, 12 %; 20 mg ER-MAS, 32 %; and 30 mg ER-MAS, 29 %). It is interesting that the highest rates of insomnia were for 10 mg MAS, which the duration of effect on attention and behavior is significantly shorter than that of ER-MAS. The sample predominantly consisted of subjects with previous stimulant experience, leaving the possibility open that higher rates of insomnia would have been identified if this had been a stimulant naïve clinical population, and also offering a potential explanation for the failure to demonstrate the expected dose to side-effect relationship.
Stein et al. [52] recently compared 3 dose levels of ER-MAS with ER dexmethylphenidate and a placebo, using a crossover design in 56 children (30 % stimulant naïve) and adolescents in a placebo, controlled, crossover 8-week trial. As seen in Fig. 2 , parent ratings of severe insomnia were significantly higher for ER-MAS at the 10 mg dose level, but at higher dose levels there was no drug-related difference in percentage with severe insomnia. However, in this study, the dose was confounded with time, which may partially explain the lower rates of insomnia at the highest dose level, as participants receiving the highest dose level had more time to accommodate to the stimulant.
Lisdexamphetamine dimesylate (LDX) is an amphetamine prodrug. Biederman et al. [53] conducted a doubleblind, forced dose, parallel group study of 290 children in which they received the study drug for 4 weeks. More than half of the sample was stimulant naïve. Insomnia was the second most common, spontaneously reported adverse event after decreased appetite, and it occurred in approximately 2 % of those taking the placebo, 15 % of those taking In another study, comparing LDX and mixed amphetamine salts [54] , reports of insomnia were most common during the first week of treatment for both stimulants. Of 52 children and adolescents in a placebo-controlled, crossover study of 30, 50, and 70 mg LDX and 10, 20, and 30 mg MAS, 8 % of those who had been treated with stimulants sometime in the past year displayed insomnia while taking LDX as compared to 2 % taking ER-MAS, and 2 % on the placebo [54] .
Examining sleep outcomes in more detail, Giblin and Strobel [40] used parent ratings, actigraphy, and polysomnography to evaluate the sleep effects of LDX in 24 children 6 to 12 years of age with ADHD. Latency to persistent sleep, as measured during polysomnography, was approximately 10 minutes longer for the LDX group compared to the placebo controls, but this was not statistically significant. Other than fewer nighttime awakenings in the LDX group, there were no significant differences between LDX and placebo. The small sample size, flexible dosing titration period, time to habituation to medication before assessment of sleep effects, and exclusion of subjects with a history of adverse or nonresponse to amphetamine are all aspects of the method that would lead to a bias toward failing to find an effect on sleep, if there was one.
Stimulant Effects on Sleep in Adults
Recently, several studies have examined the effects of stimulant medications on sleep of adults with ADHD. In a polysomnographic study of 8 adults who were stimulantnaïve, open-label treatment with MPH resulted in increased sleep efficiency (i.e., the ration of time spent asleep relative to the time in bed), as well as a subjective feeling of improved restorative value of sleep. The author suggests that MPH appears to have beneficial effects on sleep parameters in adults with ADHD [55] .
Surman et al. [32] surveyed sleep problems in 182 adults with ADHD or ADHD not otherwise specified (NOS) compared to 117, non-ADHD controls. The ADHD adults reported a later bed time, more difficulty falling asleep, difficulty waking, and more daytime sleepiness relative to controls. All sleep problems were significantly associated with ADHD, independent of contributions to sleep disruption from ADHD pharmacotherapy, psychiatric comorbidities likely to contribute to sleep disturbance, and age of ADHD onset.
Surman and Roth [56] also reported the sleep effects of medication with secondary analysis using the Pittsburgh Sleep Questionnaire, which was administered to participants of 2 clinical trials of long-acting amphetamine formulations for adult ADHD, LDX, and mixed amphetamine salts triple bead. In a study of "triple bead" amphetamine, insomnia was the most common adverse event in adults with ADHD, but no differences were detected in reported sleep problems between baseline and the end of treatment. In this study, 8.3 % of those receiving LDX or MAS displayed impaired sleep versus 9.7 % of those receiving the placebo [56] .
In reviewing the aforementioned studies, several unresolved issues should be highlighted that require further study. First, there is a high level of individual variability in whether stimulants cause insomnia, thus small studies are difficult to interpret. Second, studies vary in whether the insomnia is dose-related and this may depend on previous stimulant exposure, the medication studied, randomization, and the doses used. Third, none of the studies cited provide clear information on whether the dosing schedule for that medication would indicate if the child was either on medication, in rebound, or off medication for several hours when sleep onset was measured. The question as to whether children have as much difficulty falling asleep in rebound when medication is waning, as they do on low doses that allow them to go to bed, has not been adequately investigated.
Of interest, approximately one third of subjects had clinically meaningful sleep improvement in 2 adult ADHD trials [32, 56] emphasizing that change in sleep quality during treatment may be either positive or negative. As yet, we do not have dose response or fixed dose studies of sleep in larger, representative samples of adults with ADHD, which would help clarify sleep effects of the stimulant medications. Nonetheless, these early reports suggest that the effects of stimulants on sleep in adults and children may differ, and that children's sleep may be more sensitive to stimulant effects. One possible consideration is that if an adult and a child both take a 12-hour medication in the morning, the adult will have more opportunity for stimulant effects to wear off prior to initiating sleep.
Nonstimulant Effects on Sleep: Atomoxetine and Alpha-2 Agonists
Atomoxetine is the first nonstimulant approved by the Food and Drug Administration for ADHD. Although there are reports of insomnia as an adverse event with atomoxetine [57] , multiple trials in ADHD have noted somnolence to be much more common [58] , especially during the early stages of a trial or if the titration is too rapid [59] . However, somnolence can be minimized with evening administration, although daytime efficacy may be decreased [59] .
Sangal et al. [45] conducted a crossover study in children and adolescents with ADHD comparing twice-daily MPH with atomoxetine on sleep, as assessed with actigraphy and polysomnography. MPH was associated with a greater incidence of insomnia and increased SOL compared to atomoxetine (39.2 vs 12.1 minutes). Atomoxetine was associated with more frequent night awakenings. Although this was found to be a statistically significant difference in favor of atomoxetine, individual children may nonetheless experience insomnia as a side effect.
Clonidine and guanfacine had been used off-label to treat hyperactivity and sleep problems in children with ADHD and stimulant-induced insomnia [60] . Prince et al. [61] conducted a chart review and found that low-dose clonidine had a beneficial effect on sleep disturbance children and adolescents with ADHD at baseline, medicine-induced, or medicine-exacerbated sleep disturbance. Extended-release formulations of these alpha-2 agonists have recently been developed and approved for treating ADHD as either monotherapy or in combination with a stimulant [4] . All of these agents are associated with somnolence, sedation, and fatigue in 20 to 40 % of children when used as monotherapy [62] . These adverse events are significantly improved when coadministered with a stimulant, but still occur in 15 to 20 % of children, especially at the beginning of a trial [5, 63] . In contrast to immediate release clonidine, there has been no evidence of hypnotic effects or differences in sleep with morning (AM) versus evening (PM) dosing.
Discussion
Stimulant medications are associated with increased difficulty in falling asleep, longer latency to sleep onset, and overall shorter duration of sleep, as demonstrated in numerous studies using both objective and subjective measures of sleep. Dose-response and fixed-dose studies have demonstrated that increasing dose and shorter duration of stimulant exposure are associated with more frequent reports of insomnia. Children who present with a diathesis to insomnia may worsen, especially when they start stimulant therapy, take higher doses of stimulants, or if they are young, small, or stimulant-naïve. Children will also be more vulnerable to adverse sleep effects if they have a pre-existing sleep disorder prior to stimulant treatment, or a comorbid condition also associated with sleep disorders, such as depression or anxiety.
It would appear that both ADHD and the treatment of ADHD are associated with dysregulation of sleep through the life cycle from infancy to adulthood, although for a subset of adults, stimulant treatment may be associated with improvements in sleep. Clearly, ADHD, sleep, and ADHD treatment are closely intertwined. Considerable evidence suggests that ADHD is in fact a 24-hour disorder, with an increased tendency for delayed sleep phase, restless legs, periodic limb movement disorders, and paradoxically excessive daytime sleepiness.
One might ask how can a disorder characterized by hyperactivity is also said to be associated with sleepiness, yet the evidence to date is that the ADHD phenotype is not unlike what we see in overtired children. These patients are "on the go," but given the chance, they have features of chronic sleep deprivation and poor sustained vigilance [64] . Inadequate duration of sleep will contribute to "sleep debt," making it more difficult to wake up in the morning and increasing reports of tiredness during the day. Although the cumulative impact of significant night-to-night variability that occurs when medication is not administered consistently is concerning, this is not systematically evaluated in most medication studies. Thus, optimal treatment of ADHD needs to balance daytime functioning while minimizing effects on sleep duration and variability.
How are ADHD, Sleep, and Sleep Problems Related?
The mechanisms explaining the relationship between sleep and ADHD are complex and there are several potential etiologies that are not mutually exclusive. As noted by Owens [65] , sleep problems may mimic ADHD symptomatology, may exacerbate underlying ADHD symptoms, and may be associated with or exacerbated by ADHD, and psychotropic medications used to treat ADHD may result in sleep problems. Furthermore, in any individual, the relationship between ADHD treatment may be direct (i.e., between improved, worse, or variable sleep), may be an artifactual or indirect effect (i.e., ADHD medications or treatment improve comorbid condition or functioning, and sleep subsequently improves); or may be a moderator of response (e.g., sleep problems may limit dosing necessary to achieve an optimal response). Examining the relationship between sleep and ADHD is further complicated by the differing time course of ADHD treatments and their effects on ADHD symptoms and sleep. For example, some sleep problems, such as increased sleep onset latency may be more prevalent during titration and may decrease with time, as ADHD symptoms improve, or as the child adjusts to the medication. On the other hand, if ADHD medications have an effect on circadian rhythm or result in chronic sleep deprivation, sleep effects (e.g., difficulty waking, somnolence) will be subtler and will occur later [66] . Thus, shortterm studies or long-term studies of responders to ADHD medications may not capture all sleep effects of ADHD treatment that are observed in clinical settings. Furthermore, rates of sleep problems and other side effects are likely affected by both sample selection and methodological issues (i.e., length of trial, titration duration, method for increasing or decreasing, and how drop-outs are handled).
Clinical Implications
Before starting a treatment, patients should first be screened for primary sleep disorders that require a different treatment. The clinician should ask the patient questions regarding problems going to bed, falling asleep, maintaining a sleep schedule, waking or unusual behaviors during the night, snoring, difficulty getting up in the morning, or tiredness during the day. Sleep studies may be warranted in those with suspicion of obstructive sleep apnea or symptoms of restless leg syndrome (urge to move, worse at rest, worse at night better with movement). In addition, sleep onset latency, night-to-night variability, and total sleep duration should all be assessed prior to beginning treatment to track changes in sleep associated with treatment. This information can be used to educate the family on sleep hygiene and the importance of consistent sleep. In developing a treatment plan, impairments for that individual and relationship to nighttime functioning, which emphasize the 24-h phenotype of ADHD should be considered. As needed or PRN use of immediate release stimulants during evenings and weekends should be discussed with the recognition that many adolescents and adults will require more than once a day dosing.
Much more is known about the average effects of ADHD medications on groups than on individuals. Clinical predictors of sleep problems during pharmacotherapy include age, sleep problems prior to initiating treatment, dose, and dosing schedule. Individual variability in the dose-response effects of ADHD medications, duration of effect, and perhaps withdrawal effects or rebound, as stimulant concentrations decline. A stimulant dose that necessary to reduce hyperactivity or impulsivity may be associated with a detrimental effect on sleep in some individuals, whereas others may display no noticeable effect on sleep or even improved sleep.
Future Direction
ADHD should not just be viewed as a daytime disorder. Optimal treatment for ADHD should include promoting sleep hygiene and pharmacological adjustments to minimize adverse effects on sleep. As yet, we have little understanding of the biological or genetic factors related to individual drug response and sleep. Future studies with adaptive designs are needed to determine optimal, personalized treatment strategies for treating sleep problems in ADHD patients through their lifespan. In the meanwhile, the clinician needs to take the individual patient's complaint at face value, and for many patients with ADHD, sleep is the primary complaint. Similarly, for many patients who present with sleep difficulty, ADHD is the primary complaint. Specialists in ADHD and sleep disorders are going to need skills in managing both disorders to obtain an optimal response in many patients.
